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VALIDATION ACTIVITIES AT CENTRO ATOMICO BARILOCHE

@ The Neutron Physics Group at Centro Atomico Bariloche has a long (> 40 years)
experience working on low energy neutron physics for moderators.

@ This led to the evaluation and study of over 25 materials: moderators, cold
moderators and neutron filters.

@ In the three years we started reaching out to transfer our developments to the
evaluated nuclear data libraries.

@ In particular, in 2015 of our evaluation of the TSL for H in H,O and D,O in D,O
was presented to CSEWG in collaboration with Danila Roubtsov from Canadian
Nuclear Laboratories.

@ [ will summarize the validation activities in our group during the last year.
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TOTAL CROSS SECTION MESUREMENTS FOR HEAVY WATER
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01

@ Collaboration between IPEN, Brazil (A. dos Santos) and IRSN, France (L. Leal).
Our contribution was limited to provide thermal scattering libraries.

@ Measurements of the reactor temperature coefficient and inversion temperature
(aiso < 0 — aiso > 0).
@ Three configurations were considered:

o Configuration A: standard core.
e Configuration B: standard core with SS5-304 rods in the central positions.
o Configuration C: standard core with water in the central positions.
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01
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Safety Rods BS#1 and BS#2 (totally withdrawn)

Control Bank BC#1

Control Bank BC#2

Fuel Rod

Fuel Rod (Configuration A) / $S-304 Rod (Configuration B) / H,O (Configuration C)
Moderator H,0
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NUCLEAR SCIENCE AND ENGINEERING: 133, 314-326 (1999)

The Inversion Point of the Isothermal Reactivity Coefficient of the
IPEN/MB-01 Reactor—1: Experimental Procedure

A dos Santos,* H. Pasqualeto, L. C. C. B. Fanaro, R. Fuga, and R Jercz,

Insituto de Pesquisas Energéiicas e Nucleares—IPEN/CNEN-SP
05508.900 Butania, Cidade Universitdria, 5 P, Brazil

Received October 29, 1998
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Abstract — A new experimental quantity is presenied to serve as a benchmark to verify the adequacy of the
newly released **U thermal and subthermal cross sections for the determination of the reaciivity coefli

cients of light water reactors. Such a quaniiry s denominated the inversion point, and by definition it i the
temperature for which the isothermal reaciivity coeffcient of a reactor system becomes posiive. The ex-
perimental bases for its determinasion are discussed. The experiment has been performed in the IPEN/
MB-01 reactor fucilt temperature
variations, the reacior sysiem i cooled fo ~.5°C. Ry means ofaheating/colngssem, e teperature
is allowed to increa

rease slowy in @ stepwise i step the control bank critical position is
Tecordod vl vt i b o oo of enperaten. i iseion poin s e, T
e pons hos been foud i b o adeqite experimeial quanty o valdte th theral and s~
thermal U cross section because it does not require any sort of caleulated correction faciors or am
quantin that comes ether fom th caletional meshodolosics o rom anosher xperiment n addtion,
the inversion point Is an experimental quaniity that can be measured with an excellent level of accuracy
e mainy e very prcise chamcterivicsof hecontrolbank ysiem ofhe IPEN/MB-01 eacor The
Jfinal value obiained for the IPEN/MB-0] reactor is 14.99 £ 0.15°C.
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Abstract — A new experimental
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quanity that comes ciher from 1

the inversion point is an cxperin and
due mainly 10 he very precise ch
Jinal value obiained for the TP, A. G. Mendonga, R. Fuga, and A. Y. Abe

Centro Tecnoldgico da Marinha em Sio Paulo - CTM:
Av. Prof. Lineu Prestes, 2468, Cidade Universitdria, Sao Paulo, it 05505000
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Abstract—TORT, an Sy three-dimensional iransport code, is employed for the analysis of the inversion
point of the isothermal reacivity coeffcient of the IPEN/MB-01 reactor. The analyses are performed in
companion NFOY, AMP1, and TORT systems considerin the daa ibraries ENDIYS- VL, JENDLS,
and JEF3.0. The analyses reveal that for this peculiar problem, there is a need to convert all the computer
o to DOUBLE PRECISION as e 0 i 19 seven s monbr o g of i ANISH vy
generated by XSDRNPM. Contrary 1o the traditional diffusion theory codes, TORT ke results are very
sensitive t0 the number of both fine and broad groups. For insiance, ihe traditional and very well known
iwo- and four-group structure, largely wiilized in several diffusion codes, produced simply unaccepiable
ey resulis. The highest devition betveen calolted and experimentl alues found or the imersion
point was —4.48°C. At first glance, there appears 10 be a significant discrepancy. I

iy couficint, s doesepan mecot o doition o 090 005 pem . which diaten et
0pem/C)

Jor the determination of this parameter for thermal reactors.
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01

@ 3D reactor deterministic reactor calculations using XSDRNPM (Se4, 620 groups, 7
digit precision) and TORT (Ss6, 16 groups).
@ Cross section libraries were generated with NJOY/AMPX every 2°C.

o Evaluations benchmarked:

o Base ENDF/B-VILO library.desired

o U-235—-IRSN/CEA evaluation (resolved resonance region from IRSN and high energy

from CEA).

o U-238 - CEA/IRMM (resolved resonance region from IRMM and high energy from
CEA).
0-16 - IRSN (resolved resonance region up to 6 MeV from IRSN, the remaining from
LANL Gerry Hale).
H(H,0) TSL - CAB Model (generated at the request temperatures from LEAPR).
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01

Temperature (°C)
2 4 6 8 10 12 14 16 18 20 22 24 26

59.2 LA L LI I R R A LA BRI B B L |
~ ENDFB-VIS 20
JENDL-3.3 ]
JEFE-3.0 14
=
.S i
E _
£ 110 E
3 % 1 &
2 8 s 2
= les Z
S 2 =z
— g Q
- 3
RS 10 =~
E ~'
m 4
O 15
&
-10
26

Temperature (°C)

UEZ DAMIAN VALIDATION ACTIVITIES AT CENTRO ATOMICO BARILOCHE 16 / 21



REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01
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REACTOR TEMPERATURE COEFFICIENT EXPERIMENTS AT IPEN /MB-01

e Experiments sensitive to *°U cross section and H-H,O TSL.
e Combination of U CIELO evaluation and the ENDF/B-VIIL 3 H-H,O TSL
produce excellent results:
e Inversion point: C — E < 1°C
o Isothermal reactor temperature coefficient: ajsoerror < 0.5 pcm/°C.
@ Results will be presented by A. dos Santos at M&C 2017 (April 2017).

@ Benchmark will be available in the next release of the IRPhE Handbook (March
2017).
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TEMPERATURE INTERPOLATOR FOR LEAPR MODELS

@ Work in collaboration with D. Roubtsov from CNL.
@ Goal: to produce evaluations at any temperature (within a temperature range), in
a traceable way.

o Errors found by validation can be traced back to the standard evaluation.
e Improvements will benefit all users.

@ What we have:

e Set of Python scripts to parse, verify, and interpolate LEAPR inputs.
o The scripts use XML as an intermediate format.
o Still require NJOY (or a separate implementation of LEAPR).

@ Ready to be deployed (working on this with IAEA-NDS).
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SUMMARY AND CONCLUSIONS

@ New validation activities involving the Neutron Physics Department at Centro
Atomico Bariloche, and colaborators abroad: Canada, France, U.S.A, Brazil, and
the JAEA.

@ In general: the performance of the new libraries is similar or better than existing
models.

@ Validation data will be available (when possible) in open databases: EXFOR,
IRPhE.
@ In particular:

e new total cross section experiments show the new library solves a discrepancy the total
cross section for heavy water.

o the proposed TSL for light water helps solving a > 15 year discrepancy in reactor
temperature coefficient calculations.

@ To support this we prepared a LEAPR input interpolator, which we hope will be
available for the users soon.
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